Of the ∼22,000 protein-coding genes in the human genome, an estimated 8,000 are druggable (1). The current drug market targets no more than 450 unique human proteins (1) and many contain antihypertensive, antineoplastic, or anti-inflammatory effects. Receptors, enzymes, and transporter proteins comprise most of the targets. The following protein families are overrepresented: rhodopsin-like G protein-coupled receptors, voltagegated ion channels, and ligand-gated ion channels (1). Their membrane localization, diverse tissue distribution, and the critical roles played by ion channels in human physiology makes these proteins attractive targets for drug discovery (2) . Although worldwide sales of ion channel-targeted drugs are over US$10 billion, ion channels remain significantly underexploited as therapeutic targets (3) .
In PNAS, Hong et al. (4) identify residues aspartate 112, phenylalanine 150, serine 181, and arginine 211 from the Hv1 proton channel as being responsible for the binding guanidine derivatives, such as 2-guanidinobenzimidazole (2GBI). A representation of this complex interaction between 2GBI and the human Hv1 channel is shown in Fig. 1 . Hong et al. (4) characterize the binding affinity of 18 2GBI derivates on eight mutants of the human Hv1 channel through the application of a mutant cycle analysis (5). The authors also provide an improved derivate, the ClGBI, which can lead to the development of a therapeutic drug that is still an orphan target: the proton channel.
The Hv1 channel is involved in many physiological processes and is expressed in diverse tissues (6) . One of its widely studied roles-one of particular importance to this study-is the coupling with the NADPH oxidase enzyme (NOX2) during respiratory bursts in phagocytes, thus compensating for pH and charge (6, 7) . Reduction of neutrophil reactive oxygen species (ROS) generation by Hv1 inhibition is relevant for various inflammatory pathologies and different infectious diseases with a significant inflammatory component (7) . Hv1 inhibition in eosinophil should reduce histamine secretion, which can be used in the treatment of allergies (7) . Osteoclasts require NOX-dependent ROS generation for bone resorption (8) , which makes the Hv1 channel an interesting target for the treatment of osteoporosis. Additional evidence (9) suggests that Hv1 inhibition could be beneficial for the treatment of strokes and perhaps other neurodegenerative processes (7) . The Hv1 channel is important for keeping a mildly acid pH in the airway surface liquid and for facilitating ROS generation by dual oxidase 1 NADPH oxidases. Deregulation of such processes can be involved in diseases, such as asthma, cystic fibrosis, and chronic obstructive lung disease (7). Hv1 inhibition represents a possible therapeutic approach for certain lymphoid tumors with hyper-reactive B-cell receptor signaling (7). Hv1 expression remains associated with invasive and metastatic phenotypes of different tumors, such as gliomas (10) , and those found in breast (11) and colorectal cancer (12) . Hv1 expression is also considered to be crucial for male fertility (13) , in that Hv1 activation can help treat male infertility and its inactivation could be used as a contraception method.
Fortunately, no severe malformations or diseases have been observed in Hv1-knockout mice (14) . Apparently, a healthy organism can successfully compensate for the lack of proton channels, which increases the value of Hv1 channels as a potential drug target: pathological processes that highly depend on the activity of Hv1 channels can be attacked with minimal effects on tissues with normal physiologic behavior.
Besides the guanidine derivatives described by Hong et al. (4) , just two other types of molecules are identified as Hv1 inhibitors: Zn 2+ (and, to a lesser degree, other polyvalent cations) and Hanatoxin (a tarantula venom) (15) . Although inhibition by Zn 2+ represented the gold standard used to identify putative proton currents (7), its use as an inhibitory agent against Hv1 is limited because of Zn 2+ involvement in more than 300 different cellular process, which can potentially be altered. Hanatoxin is not specific for Hv1; it binds to the paddle motif, which is highly conserved among different voltagegated ion channels (15) .
The report by Hong et al. (4) expands the results from a previous Hong et al. report (16) , which had described guanidine derivatives that bind the Hv1 channel from the intracellular side of the membrane and act as potential channel blockers. The most effective of these compounds, namely 2GBI, can access the core of Hv1's voltage-sensing domain only when the channel is in the open conformation. 2GBI is too polar to permeate the cytoplasmic membrane, which thus prevents 2GBI from being considered a potential drug to inhibit Hv1, despite its usefulness as a pharmacological (16). From the perspective of drug development, one the most relevant aspects of the paper by Hong et al. (4) is the finding that a simple modification of 2GBI results in a compound with the capacity to permeate the cellular membrane and access the intracellular side of the channel, so as to block the proton current with an increased apparent binding affinity. Despite its advantages over 2GBI, two main concerns remain about the potential of ClGBI being a putative lead compound for the development of inhibitory drugs against Hv1: first, the relatively low potency and the uncertainty of its fine specificity against Hv1; second, a concern over how ClGBI compares with existing small drugs targeting ion channels. The answer to the latter concern is: acceptably well. Many ion channel drugs and drug candidates retained relatively low potency, specifically within the range of 0.1-5 μM even after extensive optimization (2) . This situation is possibly a reflection of the current level of the drug discovery process for ion channels, where many potential targets have not yet been cloned, making screening campaigns impossible, or when possible, resulting in the identification of poor quality leads (2) . Something similar occurred during early stages of kinase drug discovery, in which just a small subset of targets received a large amount of attention and good drugs eventually appeared. Within the ion channel superfamily, the largest amount of attention remains devoted to certain transient receptor potential, Nav, and Cav channels, leading to more potent, selective, and drug-like compounds (2). Nevertheless, despite being an important characteristic for drugs, an overemphasis on potency to drive lead optimization often results in the identification of highly potent leads with poor drug-like properties (3). Moreover, in vitro potency provides no strong correlate with therapeutic dose (17) . The perceived benefit of high in vitro potency may be negated by poorer ADMET (absorption, distribution, metabolism, and excretion-toxicity) properties (17) . Whether ClGBI or some derivate represents a good lead or not is yet to be proven, but their relatively low potency does not rule them out. Thus, what is there to say about fine specificity? In general, all drugs are slightly promiscuous and the effects they elicit depend on their interaction with numerous proteins throughout the body, not just the target protein (1). The majority of ion channel modulators in clinical use today are relatively unselective (2) . Pore domains tend to be the most conserved regions of protein across subfamilies, with pore blockers being the least selective (2) . Broad selectivity is usually a negative feature, causing increased Hong et al. characterize the binding affinity of 18 2GBI derivates on eight mutants of the human Hv1 channel through the application of a mutant cycle analysis.
toxicity and unwanted side effects. However, in some cases a broad binding profile may be beneficial for polypharmacology, where inactivation of multiple pathways involved in a particular disease may lead to better treatment outcomes (1). The results of the case of ClGBI (4) or similar compounds remain to be seen.
Apart from the fact that understanding how 2GBI and its derivatives interact with Hv1 is a relevant step toward obtaining an inhibitory drug for Hv1, the residues identified by Hong et al. (4) , which are involved in the binding process of these compounds, shed light on critical structural aspects of the Hv1 channel. To our knowledge, the Hong et al. report is the first published finding of residue Asp-112 [proposed as the selectivity filter of Hv1 channels (18) ] intracellular accessibility in the open conformation, contrary to its previously proposed localization in the extracellular vestibule (19) (20) (21) . The fact that Arg-211 is also involved in the binding of 2GBI and derivatives supports the hypothesis that D112 and R211 are close enough to interact electrostatically (22, 23) . This finding could potentially modify the proposed structural mechanism of how D112 acts as the selectivity filter (20) .
Based on current information, the results reported by Hong et al. (4) are welcome, not only for providing improved pharmacological tools for functional studies of Hv1 channels and structural insights into the open channel conformation, but also for the development of potential leads for a future therapeutic drug targeting the proton channel. 
